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Habitats for alpine plants at a sampling site located at an altitude of about 4200 m in 
Jaljale Himal, eastern Nepal, were classified into five types, each of which was charac¬ 
terized by its own plant community, and habitat conditions of slope exposure, inclination 
and substratum. Most of the alpine plants were restricted to a specific type or types of 
habitats, but Rheum nobile was not restricted and completed its life cycle in any habitat 
types. 
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Introduction 

There are several alpine plants in the 
Himalaya whose inflorescences are covered 
by semitransparent, pale cream-colored bracts. 
Rheum nobile Hook.f. & Thoms, is one of such 
plants which bears its flowers in a “green¬ 
house” consisting of its own bracts. We noted 
the habitat of this distinctive alpine plant in the 
Himalaya as part of our ecological and physi¬ 
ological studies carried out during a botanical 
research trek in Jaljale Himal, eastern Nepal, 
in the summer of 1991 (Ohba and Akiyama 
1992, Terashima et al. 1993, 1995, Omori 
and Ohba 1996). Habitats vary from place to 
place even within the same area and responses 
of plants to such variation are expected to be 
different from species to species. We aimed to 
determine the habitat preferences of Rheum 
nobiles based on species-to-species differences 
in distribution patterns, which theoretically 
should be generated by responses to habitat 


variation within a sampling area. 

Area studied and Methods 

The study site was located at about 4200 m 
above sea level on a mountainside in Jaljale 
Himal, eastern Nepal (Fig. 1), where the alpine 
zone extends from about 4000 to 5000 m, from 
the upper limit of the Rhododendron scrub 
zone to the snow line (Kikuchi et al. in press). 
There are marked rainy and dry seasons in the 
area: 70-80% of annual precipitation is con¬ 
centrated in the four months during the sum¬ 
mer monsoon according to the report from 
Khumbu Himal (Inoue 1976). About 1500 mm 
of precipitation were recorded at temporary 
stations on peaks and ridges at high altitudes 
(5000-5500 m) on the southern side of the 
Himalaya in eastern Nepal during the monsoon 
period of 1976 (Yasunari and Inoue 1978). 
The daytime air temperature in summer is 
estimated to be 7°C to 9°C at 4200 m above sea 
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level based on measurements by Kikuchi and 
Ohba (1988a) in Rolwaling Himal. Among 
eight types of plant communities described by 
Kikuchi et al. (in press) in Jaljale Himal, the 
Kobresia nepalensis community and the Rho¬ 
dodendron anthopogon-Potentilla microphylla 
community are widespread. The Rhodiola 
coccinea and the Kobresia duthiei communi¬ 
ties were also sometimes found at the site. 
Relatively luxuriant communities, such as the 
Potentilla contigua, the Bistorta vaccinifolia, 
the Primula stuartii and the Rhododendron 
anthopogon communities were not found at 
the site. 

We established sampling points every five 
meters along five vertical lines on north-, 
northeast-, southeast-, south- and southwest¬ 
facing slopes surrounding a lake. We estab¬ 
lished lxl m plots around individuals of R. 
nobile closest to each sampling point, or at the 
point itself if there were no plants of R. nobile 
within a 5x5 m square surrounding the point. 
We estimated the percent coverage for all 


species found within the plot, measured slope 
exposure and inclination at the center of the 
plot and recorded properties of the substrate. 
For plot and species classifications, we ap¬ 
plied TWINSPAN and DECORANA. 
TWINSPAN is a divisive, hierarchical classi¬ 
fication program which produces a coordi¬ 
nated classification of samples and species 
based on differential species (Hill 1979a). 
DECORANA is an ordination program which 
gives the positions of samples and species with 
respect to derived axes (Hill 1979b, Hill and 
Gauch 1980). 

To determine the habitat of adult Rheum 
nobile , we measured slope exposure and incli¬ 
nation at the base of all accessible flowering 
individuals on the slopes on which we set the 
sampling lines. 

Results 

The eighty plots investigated were classi¬ 
fied into 12 types as shown in the dendrogram 
(Fig. 2) of classification level 4 by TWIN- 
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Fig. 2. Classification of plots based on TWINSPAN analysis of their plant communities. 


SPAN analysis applied to the most frequent 
28 species occurring eight times (10%) or 
more. However, only six of these classes, Plot 
Classes la, lb, Ic, Ha, lib and III, are con¬ 
sidered in the present paper because the other 
six classes consisted of insufficient numbers 
of plots (three plots or less). Figure 3 shows 
DECORANA ordination diagrams for 70 plots 
comprising these six plot classes. They are 
plotted against the first and second ordination 
axes at the top and against the first and third 
axes at the bottom of the figure. The first axis 
reflects a difference in communities in Plot 
Classes la, lb and Ic from the others, the 
second axis reflects differentiation among Plot 
Classes la, lb and Ic, and the third axis reflects 
differences in Plot Class III from the others. 

Figure 4 shows distributions of the plots 
against slope exposure and inclination meas¬ 
ured at the center of the plots. Both Plot Classes 
la and lb were found on slopes facing south¬ 
east, south and west but they tended to be 
different in slope inclination of their habitats. 
Plot Class la was found on slopes steeper than 
those of lb. Plot Classes Ha and lib were 
distributed on slopes facing west, north and 
east, and Plot Class Ic was on slopes facing 
northeast and east. Habitats of these three 


classes were similar in slope inclination. Plot 
class III was not affected by slope exposure 
nor inclination. Plot Classes la and lb were 
usually found on exposed basement with very 
thin soil as shown in Table 1. On the other 
hand, Plot Class Ic was always over compara¬ 
tively thick sediments. Both Plot Classes Ha 
and lib were found on exposed basement or 
boulder sites. Plot Class III was almost always 
found on boulder-covered sites. 

Thus, each plot class, except for Plot Classes 
Ha and lib whose habitats could not be distin¬ 
guished, was characterized by its own habitat 
conditions. Based on these findings, habitats 
of the investigated area were classified into 
five types. Each of these habitat types was 
characterized by slope condition, substratum 
and plot class on the basis of its plant commu¬ 
nity as summarized in Table 2. 

The species examined were classified into 
seven classes by TWINSPAN at classification 
level 3 as shown in Table 3, where mean 
species cover for each plot class is also given. 
According to the results presented in this table 
and the habitat classification in Table 2, habi¬ 
tat use of species can be described as follows. 

Species Class 1 tended to be found in habi¬ 
tats of Plot Classes la and lb and characterized 
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Table 1. Number of plots differentiated by substratum 


Plot Class 


Substrata 


Total 

Boulder 

Basement 

Sediment 

la 

— 

11 

3 

14 

lb 

- 

9 

- 

9 

Ic 

- 

- 

5 

5 

Ha 

6 

10 

- 

16 

lib 

7 

5 

- 

12 

III 

11 

3 

- 

14 

Total 

24 

38 

8 

70 


Table 2. Summarized characteristics of habitat types 


Habitat Type 

Exposure 

Inclination 

Substratum 

Plot Class 

1 

E, S, W 

Steeper 

Basement 

la 

2 

E, S,W 

Gentler 

Basement 

lb 

3 

N, E 

All 

Sediment 

Ic 

4 

W, N, E 

All 

Basement 

Boulder 

Ha, lib 

5 

All 

All 

Boulder 

III 



Fig. 4. Slopes conditions as to exposure and inclination of the plots classified. The larger 
circles show the plots of Plot Class III. 
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by exposed basement facing east,* south and 
west. Species Class 2 preferred steeper habi¬ 
tats of Plot Class la to the gentler one of Plot 
Class lb among such habitats. Species Class 3 
inhabited various habitats, except the boulder 
sites of Plot Class III. Species Class 4 was also 
widely found but it tended to avoid Plot Classes 
la, lib and III, characterized by boulders and 
comparatively steep basement. Very common 
species found in all habitats were those of 
Species Class 5, in which R. nobile was in¬ 
cluded. Species Classes 6 and 7 tended to be 
associated with habitats of exposed basement 
and boulder sites facing west, north and east in 
Plot Classes Ha and lib, and the boulders 
themselves of Plot Class III. Particularly, Spe¬ 
cies Class 7 tended to be associated with boul¬ 
ders in Plot Class III. 

Figure 5 shows habitats of mature individu¬ 
als of R. nobile with flowers. They were plot¬ 
ted against slope exposure and inclination 
measured at the point where each individual 


grew. There were no special slope conditions 
in the habitats of flowering R. nobile. 

Discussion 

Each of the three axes of the DECORANA 
ordination reflected a difference in communi¬ 
ties (Fig. 3), so that there should be at least 
three factors affecting the community 
defferentiations, although Plot Classes Ha and 
lib were not divisible on any axes. Those 
factors are most probably equivalent to habitat 
characteristics of slope exposure, slope incli¬ 
nation and substratum. Based on these habitat 
characteristics, is described the five habitat 
types shown in Table 2. According to our 
observations, boulder sites of Habitat Type 4 
were rich in matrix among boulders and this 
matrix was assumed to support plants. On the 
other hand, plants inhabited boulders on them¬ 
selves or the thin organic substance covering 
them in Habitat Type 5. Plot Class III in 
Habitat Type 5 was assumed to be strongly 


50 


40 


.1 30 

to 

o 

£ 201 - 


m 9 
•• 
• • 


M • 


• •• 




10 h • • 






• *1 

••••• 
• • ••• 
•••ft • 

•i 

•• •• « 9 
• •• 

• •• 

• •••*• 

• • 

• •• 

• • • 

^ • 


N 


w 


N 


Exposure 


Fig. 5. Slope conditions as to exposure and inclination of flowering Rheum nobile. 
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Table 3. Classification of species by TWINSP AN at level 3 and mean species cover (%) for plot class, 
lower than 0.1% in cover 


Species _ Plot Class 


Species 

Class 

la 

lb 

Ic 

Ila 

lib 

III 

Pedicularis sp. 


1.6 

1.1 


1.0 


+ 

Potentilla coriandrifolia 

1 

1.5 

32.2 

+ 

+ 


+ 

Parnassia nubicola 


1.2 

+ 

+ 



+ 

Anemone demissa 


2.6 

+ 

1.6 

+ 

+ 


Cremanthodium pinnatifidum 


4.1 

1.9 

1.0 

1.2 


+ 

Saussurea sughoo 

2 

1.4 

+ 





Lignariella sp. 


+ 




+ 

+ 

Primula primulina 


+ 






Kobresia nepalensis 


56.4 

33.3 

28.0 

21.3 

30.0 

2.3 

Umbelliferae 

3 

+ 

+ 

+ 

+ 

+ 

+ 

Swertia multicaulis 


1.1 

1.6 

1.8 

6.0 

3.3 

+ 

Rhododendron anthopogon 



2.2 

54.0 

3.2 

1.3 

1.3 

Kobresia duthiei 

4 

3.5 

5.2 

1.0 

2.1 

+ 

+ 

Bistorta jaljalensis 


+ 

+ 

1.0 

1.6 

+ 

+ 

Rhododendron setosum 



4.6 


+ 


+ 

Potentilla microphylla 


5.4 

6.9 

0.8 

9.1 

4.1 

3.3 

Rheum nobile 

5 

7.3 

4.4 

11.0 

5.6 

35.9 

2.9 

Kobresia sp. 


+ 

+ 

+ 

+ 



Parnassia pusilla 





1.0 

1.3 

+ 

Arenaria sp. 





+ 

+ 

+ 

Saxifraga congesta 

6 

+ 


+ 

2.0 

+ 

+ 

Poa eleanorae 


+ 



+ 


+ 

Juncus leucanthus 


+ 

+ 

+ 

+ 

+ 

1.1 

Sibbaldia sp. 





+ 

+ 

+ 

Paroxygraphis sp. 


+ 

+ 


+ 


+ 

Rhodiola coccinea 

7 



+ 

+ 

+ 

2.6 

Koenigia delicatula 


+ 



+ 


+ 

Umbelliferae 






+ 

+ 


associated with this extreme edaphic condi¬ 
tion. This is probably one of the reasons why 
Plot Class III was independent of slope expo¬ 
sure (Fig. 4). 

The difference between slopes facing north 
and those facing south concerns the basic 
distribution pattern of vegetation in the 
Himalayan alpine zone (Kikuchi and Ohba 
1988b, Kikuchi et al. in press). In this study, 


there was an apparent difference in distribu¬ 
tion between Plot Classes la and lb on slopes 
facing south and Plot Classes Ic, Ila and lib on 
slopes facing north (Fig. 4). Furthermore, the 
former two were differentiated according to 
slope inclination (Fig. 4) and the latter accord¬ 
ing to substrata (Table 1). Plot Class III was 
associated with an extreme edaphic condition 
of boulders. These differences in vegetation 
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are based on differences in species composi¬ 
tions of plant communities, or differences in 
habitat preferences of their component spe¬ 
cies. Each species has a narrow or wide habitat 
preference of its own. As mentioned above, R. 
nobile was distributed throughout the habitats 
as were other members of Species Class 5 
(Table 3). This lack of avoidance of particular 
habitats is a distinguishing characteristic of R. 
nobile while other species have more or less 
certain habitat preferences. 

Rheum nobile had very high coverage in 
Plot Class lib in the habitat facing north, 
indicating that it prefers such habitats. How¬ 
ever, Figure 5 shows that it can complete its 
life cycle in any habitat, not only those facing 
north but also those facing south. 

Rheum nobile is a monocarpic plant which 
flowers once after a number of years of growth, 
then dies. Consequently, a population of R. 
nobile consists of great number of seedlings 
and young plants and a small number of adults. 
Our observations along the line might have 
actually been carried out on immature indi¬ 
viduals which are in the majority. This is the 
reason why we examined flowering R. nobile 
in various habitats. Unfortunately, habitats 
facing south were not as numerous in this 
observation because there were no wide slopes 
facing south in the area investigated. How¬ 
ever, observation of flowering R. nobile in 
habitats facing south in Figure 5 sufficiently 
shows that this species can complete its life 
cycle in such habitats as well as in those facing 
north. 


M.N.XAy' b , 

^ d : u • tT-jnc&tt 

t®4200m Rheum nobile Jb 
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